Monitoring and modeling of urban sprawl through remote sensing and GIS in Kuala Lumpur, Malaysia by unknown
RESEARCH Open Access
Monitoring and modeling of urban sprawl
through remote sensing and GIS in Kuala
Lumpur, Malaysia
Mukesh Singh Boori1,2,3*, Maik Netzband2, Komal Choudhary1 and Vít Voženílek1
Abstract
Introduction: Kuala Lumpur is currently experiencing a large-scale urban transformation. This study explores a
multi-buffer ring method to investigate the spatial and temporal dynamics of urban growth in the Kuala Lumpur
metropolitan area by using Geographical Information Systems (GIS) and remote sensing imageries from1989 to 2014.
Methods: The first Landsat images from 1989, 2001, and 2014 were classified with maximum likelihood classification to
produce land cover maps and identify four types of land cover: urban/built-up, agriculture, forest, and water. Then, the area
coverage for all the land use types at different points in time were measured and combined with distance from the city center.
Later on, urbanization densities from the city center to the outside for every 1-km distance from 1 to 50 km are calculated.
Results: City density on the distance of 5, 8, 15, 20, and 30 km was very high in the years 1989 and 2014. Temporally, urban
expansion shows fast and slow growth stages with high-speed growth shifting to the east side of the city.
Conclusions: In general, the population, traffic conditions, industrialization, and policy are the major factors thatinfluenced the
urban expansion
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Introduction
Kuala Lumpur is one of the most important historical, cul-
tural, industrial, and commercial cities in Malaysia as well as
one of the most important cities in Asia. It has a booming
economy with dynamic growth. During the last three de-
cades, growth in population, industry, and economic activ-
ities has been strongly concentrated in the Kuala Lumpur
metropolitan area. Formed in the 1850s, the Federal Terri-
tory of Kuala Lumpur is the national capital of Malaysia.
The city has an estimated population of 1.627 million (2010
census). Malaysia’s rich and diverse urban history developed
primarily from the second half of the twentieth century
when it shifted from a largely rural to a largely urban popu-
lation. Following independence in 1957 and the formation
of Malaysia in 1963, Kuala Lumpur became the administra-
tive center and took center stage in national development.
From the mid-1980s, Kuala Lumpur underwent policy
shifts, notably privatization and economic liberalization
(Malaysia 1991). Major development and supporting policy
shifts were undertaken, and within two decades, there were
major transformations and dramatic landscape changes in
Kuala Lumpur (Saboori et al. 2012).
In the mid-1980s, there was a gradual but obvious change
in the nature of the Malaysian economy, as was examined
earlier. In 1987, for instance, the agricultural sector share in
GDP was exceeded by the share of the manufacturing sec-
tor. In 1990, the agricultural share was 19.4 % compared
with 26.6 % for the manufacturing sector (Saboori et al.
2012). Thus, there has been a change in the structure of
Malaysia from an agricultural base to a manufacturing base
since 1987. This, indeed, marks a milestone in the country’s
transition towards an industrializing economy (Malaysia
1991). It has often been argued that the process of
urbanization and urban growth in the third world has taken
place with the expansion of the industrial sector. That is
true to a large extent in that, even without a substantial
industrial base prior to 1957, Malaysia had experienced a
large increase in its urban population. However, with the
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growth of manufacturing since 1957, the impact on the
process of urbanization and urban growth has been most
tangible as the employment opportunities generated were
located in the urban areas (Salari et al. 2013; Boori and
Vozenilek 2014). These issues make the necessity to the
study of urbanization in Kuala Lumpur.
The Kuala Lumpur Structure Plan 2020 indicates that
the population base is set to increase from 1.4 million to
2.2 million over the next 20 years, and that optimizing
limited land resources will be a priority. The new Kuala
Lumpur 2020 Strategy Plan was undertaken in the early
2000s to revise the 1984 Kuala Lumpur Structure Plan
and to cope with the unprecedented growth and changes
in the urban landscape. It is made compulsory to study
Kuala Lumpur urban growth. Urbanization has been trad-
itionally understood using the frameworks of demography,
urban planning, urban infrastructure, transportation,
affordable housing, and urban development (Yin et al. 2011;
Boori et al 2014a). Urban growth is characterized by
significant gains in urban/built-up areas at the expense of
green or open spaces. In this study, the urban/built-up
land cover class is defined as the areas dominated by
buildings, asphalt, and concrete, including residential,
commercial, industrial, and transportation space (Yin et
al. 2011; Boori and Vozenilek 2014; Salari et al. 2013).
Other types of urban land use, such as golf courses and
urban green parks are not included in the urban/built-up
class. Urbanization studies are useful to planners who seek
to avoid the irreversible and cumulative effects of urban
growth and to optimize the allocation of urban services
(Dewan and Yamaguchi 2009a; Barnsley and Barr 1996;
Boori et al. 2014b, Thinh et al. 2013). Furthermore, such in-
formation is indispensable for the assessment and evalu-
ation of sustainable urban and environmental planning
strategies (Wu and Hao 2012; Alphan 2003; Jensen and Im
2007). Land use planning is an integral part of the viability
and liveability of a metropolitan area because it affects
decisions about where and how we live. Over the last few
decades, government agencies and local councils in differ-
ent countries have been continually developing and adopt-
ing land use planning strategies to contain and manage
urban growth (Yin et al. 2011). For example, “Smart
Growth” in the USA and the “compact city” and “intensifi-
cation” in Europe were devised and adopted to regulate and
contain urban sprawl. There are few other studies such as
Yagoub (2004) who focused his attention on Al-Ain in the
United Arab Emirates. In another study, Al-Awadhi (2007)
used available maps, aerial photographs, and satellite im-
ages covering the period between 1950 and 2003 to study
the city of Muscat in Oman.
In the past few years, significant research has been
carried out on the use of satellite data and Geographical
Information Systems (GIS) for measuring city growth and
sprawl development patterns. Herold et al. (2002, 2003)
conducted a comprehensive study on urban land cover dy-
namics using remote sensing data for the development of
spatial (landscape) metrics that were analyzed and inter-
preted in conjunction with results from the spatial model-
ing of urban growth. Remote sensing provides spatially
consistent data sets that cover large areas with both high
spatial detail and high temporal frequency. Dating back to
1960, remote sensing can also provide consistent historical
time series data. The importance of remote sensing was
emphasized as a “unique view” of the spatial and temporal
dynamics of the processes in urban growth and land use
change (Dewan and Yamaguchi 2009b; Herold et al. 2003;
Boori and Amaro 2010). Satellite remote sensing tech-
niques have therefore been widely used in detecting and
monitoring land cover changes at various scales with use-
ful results (e.g., Wu et al. 2013; Stefanov et al. 2001; Wil-
son et al. 2003; Boori et al. 2010; Muller and Zeller 2002;
Weng 2002). Recently, remote sensing has been used in
combination with GIS and Global Positioning Systems
(GPS) to assess land cover change more effectively than
by remote sensing data only (Dewan et al. 2012; Boori et
al. 2015a). It has already proved useful in mapping urban
areas and as data source for the analysis and modeling of
urban growth and land use/land cover change (e.g.,
Rodriguez-Galiano and Chica-Olmo 2012; Grey et al.
2003; Herold et al. 2003; Wilson et al. 2003).
The objective of this study is to determine the spatial
patterns of urban growth over time in Kuala Lumpur.
Thus, the growth has been systematically mapped, moni-
tored, and accurately assessed using satellite images in
concert with conventional ground data. Mapping pro-
vides a “picture” of where growth is occurring, helps to
identify the environmental and natural resources threat-
ened by such development, and suggests the likely future
directions and patterns of growth. The current study has
three specific objectives: (1) investigate the growth of
Kuala Lumpur City during 1989–2014 by using remote
sensing and GIS; (2) analyze the existence of urban
sprawl in Kuala Lumpur; and (3) evaluate current local
environmental and natural resource protection and de-
velopment policies.
Study area
Kuala Lumpur was chosen as the study area due to its
rapid growth. Kuala Lumpur (latitude 3° 8′ N; longitude
101° 44′ E) is situated in the Federal Territory of Kuala
Lumpur in the west Peninsular Malaysia (Fig. 1). The
total population of Kuala Lumpur in 2014 is 1.67 million
people in an area of 94 km2. This gives the city proper a
very high population density of 17,310 people per square
mile or 6890 per square kilometer. Greater Kuala
Lumpur or the Klang Valley is a large urban agglomer-
ation with an estimated population of 7 million in 2014
with a population density that is nearly equal to that of
Boori et al. Ecological Processes  (2015) 4:15 Page 2 of 10
the city proper (City Hall of Kuala Lumpur 2008).
According to the 2010 census, major ethnic groups in
Kuala Lumpur are as follows: Malays 44.2 %, Chinese
43.2 %, Indians 10.3 %, and others 1.8 %. Kuala Lumpur
is an aging city as birth rates have fallen in the last
decade or two. This has led to a lower percentage of
young people under 15, a group that has fallen from
33 % in 1980 to under 27 % in 2000. The working age
group between 15 and 59 has increased from 63 % in
1980 to 67 % in 2000 as more people move to the city
for opportunities. By 2020, Kuala Lumpur is projected to
have a population of 2.2 million.
The geography of Kuala Lumpur is characterized by
the huge Klang Valley. The valley is bordered by the
Titiwangsa Mountains in the east, several minor ranges
in the north and the south, and the Strait of Malacca in
the west. Kuala Lumpur has a tropical rainforest climate,
which is warm and sunny, along with abundant rainfall,




A selection of multi-sensor and multi-temporal images
was used for this study (Ding and Shi 2013; Gamba et al.
2005). The specific satellite images used were Landsat
TM for 1989, Landsat ETM+ for 2001, and finally Land-
sat 8 for 2014, an image captured by different types of
sensor. So, three different date satellite images were used
with less than 10 % cloud cover. The spatial resolution is
30 m for band numbers 1 to 5 for all sensors, which is
used in this research work. All images were from the
USGS website, which is free of cost. All images are
radiometric and geomantic corrected. As all images have
the same spatial resolution for specific bands, one simply
goes through maximum likelihood classification. Here,
at least 10 years’ time difference was used in two dates’
data (Jensen and Im 2007) so that sufficient land use/
cover change information can be investigated (Dewan
and Yamaguchi 2008; Anderson et al. 1976). Another
reason for selecting these images was their availability.
Fig. 1 Study area and multi-buffer ring zones around the city center of Kuala Lumpur
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Maps processing
The images obtained as standard products were geomet-
rically and radiometrically corrected by data providers,
but, because of the different standards and references
used by the various image-supplying agencies, all images
were georeferenced again at the pre-processing stage.
Then, all three images were geometrically corrected up
to the orthorectified level. Images from different sensors
have different spatial resolutions. In this study, we pre-
ferred to retain the spatial detail, original pixel size, and
value of each image for specific bands. Therefore, the
images were kept without changing their pixel sizes
despite the possible varying accuracy level of classifica-
tion with the different spatial, spectral, and radiometric
resolutions. Next, at the classification stage, a uniform
supervised classification was applied on the images. All
of the images were classified by creating accurate poly-
gons as training areas for introducing ideal classes for
each image separately and by using the maximum likeli-
hood classification method. To create a closer corres-
pondence between the maps produced, the classification
was done by only considering four main classes: urban
built-up area, agriculture land, forest land (tree/park),
and water (Butt et al. 2012; Anderson et al. 1976; Boori
and Ferraro 2015). The selected main classes and their
descriptions are presented in Table 1.
Post-classification refinement was used to improve the
accuracy of the classification. In addition, because the
urban surface is heterogeneous with a complex combin-
ation of features (buildings, roads, grass, trees, soil, and
water), mixed pixels and the salt-and-pepper effect are
common problems when using medium spatial reso-
lution data, such as Landsat (Byomkesh et al. 2012; Lu
and Weng 2005; Boori et al. 2014c, Thinh 2003). In this
step, a 3 × 3 majority filter was applied to all the classified
land covers (Were et al. 2013; Lillesand and Kiefer 1999).
This research is focused on urban built-up and urban
vegetation coverage measurement and their interactions.
Rangeland is considered to be both non-urban vegeta-
tion and forest area. Furthermore, water bodies have
very limited coverage and along with bare land cover are
not discussed further in the Results and discussion and
Conclusions sections. The maps produced are presented
in Fig. 2.
After classification, multi-buffer rings are created for
every 1-km distance from 1 to 50 km from the city cen-
ter to the outside. Then, the intersection with classified
maps for all three dates is performed. Later on, all class
areas were measured for 1- to 50-km distance and derive
density according to Eq. 1:




In order to evaluate the spatial distribution of urban expan-
sion intensity, we adapted an indicator called annual urban
growth rate (AGR) for evaluating the “urbanization” speed
of unit area (Xiao et al. 2006). AGR is defined as Eq. 2:
AGR ¼ UAnþi−UAi
nTAnþi
 100 % ð2Þ
where TAn + i is the total land area of the target unit to
be calculated at the time point of i + n; UAn + i and UAi
the urban area or built-up area in the target unit at times
i + n and i, respectively, and n is the interval of the cal-
culating period (in years). Generally, the target calculat-
ing unit is set to the administrative district so as to link
with administration or economic statistics. In this re-
search, we preferred the geographical gridding unit since
the administrative borders have been changed so fre-
quently in this city. The maps were therefore gridded as
1 × 1 km units, and the annual urban growth rates of
each unit were then calculated. Lastly, the grid-based
annual urban growth rates were mapped to evaluate the
spatial features of the “expansion.”
Results and discussion
In this research work, more than 10 samples/training
sites have been selected for each class so that classifica-
tion accuracy is high. The high level of accuracy ob-
served in this study could be the result of the coarse
classification since only four classes were used. Further-
more, in all buffer rings, only the urban area was calcu-
lated in place of the whole ring. After producing complete
land use maps, the total coverage of different classes was
determined. Using this information, we calculated the
water, forest, vegetation, and built-up area per capita for
all the study years (Table 2).
There are several major trends evident in the changes
of land cover that are consistent over the period 1989 to
2014. The urban/built-up area increased rapidly, and
there was a marked decrease in other classes. The final
Table 1 Description of land use/cover classes
Land use/class Description
Urban or built-up Residential, commercial and services, industrial,




Agriculture field, small vegetation, sand soils,
landfill sites, areas of active excavation, dry salt flats
Forest or tree/
parks
Pine, coniferous trees and citrus orchards, parks,
grass belts
Water bodies River, permanent open water, lakes, ponds and
reservoirs, permanent and seasonal wetlands,
swamps
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four categories in the land cover maps were forest,
urban/built-up, agriculture, and water (Fig. 1). Some in-
teresting patterns in the distribution of dwellings across
different buffer zones can be noted in Fig. 1. As expected,
the urban/built-up density in Kuala Lumpur tends to
decline outward from the city center. According to the
land use/cover maps produced for the urban area of Kuala
Lumpur City, built-up area was expanded from 456.99 km2
in 1989 to 1098.48 km2 in 2001 and finally reached to
1663.23 km2 in 2014 (Fig. 3). This figure represents
46.67 % growth in built-up area over a period of three
decades. In the first decade, urban growth was 35.16 % at
0 4,5 9 13,5 182,25
Kilometers
Fig. 2 Multi-buffer ring zones around the city center of Kuala Lumpur for 1989, 2001, and 2014 map
Table 2 Kuala Lumpur land use/cover classes for 1989, 2001, and
2014
Land use/cover 1989 2001 2014
Settlements 456.99 51.81 1098.48 60.22 1663.23 64.36
Agriculture 345.46 39.16 520.40 28.53 699.21 27.06
Forest 70.50 7.99 188.74 10.35 209.99 8.13
Water 9.18 1.04 16.54 0.91 11.68 0.45
Total 882.13 100.00 1824.16 100.00 2584.11 100.00
Boori et al. Ecological Processes  (2015) 4:15 Page 5 of 10
an average rate of 3.19 km2/year. In the years 2001 to
2014 (1663.23 km2), the average rate of expanse was
1.68 km2/year and totals 21.85 % in the second decade. So,
city expanse rate was reduced just half (1.51 km2/year.) in
the second decade. The urban/built-up area has grown by
factor 4 over the past three decades, increasing from
51.81 % of the study area in 1989 to 60.22 % in 2001 and
finally 64.36 % in 2014, while the area of agriculture land
decreased from 39.16 % in 1989 to 28.53 % in 2001 and
27.06 % in 2014. The area of forest has first increased from
7.99 to 10.35 % from 1989 to 2001 and later on reduced
8.13 % in 2014. In contrast, the area of water was 1.04 % in
1989, 0.91 % in 2001, and 0.45 % in 2014 (Table 2).
City density patterns around the city center were also
examined to ascertain whether different zones have rep-
resented different densities. Figure 4 shows 50 buffer
ring zones from 1- to 50-km distance. It has been argued
that the first five zones represent the areas that are
within walking distance from the city center. High-
density development has been supported by the govern-
ment to encourage people to walk to train stations or
other destinations such as shopping centers. This policy
has in part been pursued to encourage active transport
as part of a healthy lifestyle. We find that in the city cen-
ter, urban density was more than 90 % for the last three
decades. In 1989, it was reduced dramatically around
55 % on the distance of 5 km from the city center, less
than 10 % on 15 km, and 0 % after 40 km. When com-
paring 1989 and 2014 on the distances of 5, 8, 15, 20, and
30 km, the city density has increased very high. If we com-
pare only 1989 and 2001 on the distances of 8, 15, and
19 km, the city density was highly increased. From 2001
to 2014, on the distances of 4 and 30 km, density was in-
creased. On the distance of 50 km, the city density was
0 % in the last three decades. For the whole three decades,
the city density was dramatically reduced on the distance
of 20 km and later on has been stable (Fig. 4).
In 1989, the city center urban density was more than
90 %, the share of agriculture was 10 %, and forest and
water was 0 % (Fig. 5). Till 4-km distance from the cen-
ter, the urban/built-up area continuously reduces (55 %)
and agriculture has continuously increased till 45 %.
Later on, both have small variation, and from 8- to 15-km
distance, both classes were reduced. Lastly, both clas-
ses were stable or vary a little, and after 40-km dis-
tance, both classes have 0 % density. The class forest has
Fig. 3 Growth of Kuala Lumpur in 1989, 2001, and 2014
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0 % density from 1- to 4-km and from 30- to 50-km dis-
tances. It has less than 10 % density from 5- to 30-km dis-
tance. The water class has almost close to 0 % density in
all distances.
In 2001, density of urban/built-up and agriculture is the
same like 1989 till distance of 8 km. Later on, urbanization
reduces continuously. In 2001, agriculture has 10 % dens-
ity from 8- to 50-km distance. Forest has 0 % density on
1- and 50-km distance. Forest has the highest 15 % density
on 9 km and 10 % density on 7-, 8-, 10-, 11-, 16-, and
17-km distance. Water class was very less on maximum
distance and has 0 % density (Fig. 5).
In 2014, in the city center, urban density was more
than 95 % and other classes (agriculture, forest, and
water) were less than 5 %. From 1- to 3-km distance,
urban/built-up areas reduce till 75 %, but agriculture in-
creases and reaches up to 22 %, and later on reduces or
varies around 10 to 15 % in all distances. Urban/built-up
density again increases after 3 to 6 km and later on re-
duces continuously and reaches 0 % density on 50-km
distance. Forest is variant on 10 % and vise versa with
agriculture class. In all distances, water is close to 0 %
density (Fig. 5).
The census data indicate that the main phase of popula-
tion growth in Kuala Lumpur occurred between 1989 and
2001. The main causes of this growth were a high birth
rate in the early years of the Islamic revolution, rural to
city migration, and the merging of nearby villages with the
city as it developed (Wikipedia 2014). Urban expansion
and subsequent landscape changes are governed by geo-
graphical and socioeconomic factors such as population
growth, policy, and economic development. In most cases,
urban expansion and associated land use/cover changes
resulted from a combination of these factors (Wikipedia
2014). For example, socioeconomic policy can strongly
affect urban expansion and under the changes driven by
urban expansion, the land use patterns of the urban out-
skirts are altered or adjusted in pursuit of high economic
returns (orchards or croplands changing to vegetable
land). Even though it is difficult to clarify the influence of
these factors in these changes, their influence is examined
by analyzing the relationships between developed area (in-
cluding urban and residential area) and socioeconomic
factors such as population, industrialization, traffic condi-
tions, and infrastructure (Wikipedia 2014).
Asia is the most populous and arguably the most vulner-
able continent in the world because of the high rate of
urbanization and lack of facilities. This variability in Asia
has and will continue to impact all sectors, from national
and economic security to human health, food production,
infrastructure, water availability, and ecosystems. Thus,
many large Asian cities have become vulnerable, as more
countries are unable to feed themselves and fewer coun-
tries produce exportable surpluses (Yin et al. 2011). In
Asia, where most of the urban growth has concentrated in
metropolitan areas, the problem of basic infrastructure
and access is becoming more acute. In these urban cen-
ters, uneven distribution of incomes, the prevalence of
poverty, diminishing farmlands, inefficient distribution
systems, and rising expectations have all contributed to in-
creasingly critical problems, particularly as they affect the
urban poor (Dewan and Yamaguchi 2009a). A recent
World Bank study maintained that as many as 360 million
inhabitants of cities in developing nations suffer from
chronic calorie deficits (Wu et al. 2013). Five of every six
urban families in India typically spend 70 % of their in-
come on basic needs. Even in relatively prosperous Kuala
Lumpur, between 45 and 50 % of total household expend-
iture goes to basic needs or twice the proportion spent in
the UK. Consequently, the lower-income groups in cities
Fig. 4 Kuala Lumpur city density from 1- to 50-km distance for 1989, 2001, and 2014
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Fig. 5 Kuala Lumpur land cover class density from 1- to 50-km distance for 1989, 2001, and 2014
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of Asia are often worse off nutritionally than their rural
counterparts (Dewan et al. 2012).
Conclusions
Remote sensing and GIS techniques are used to monitor
the dynamic phenomenon of urbanization with the help
of satellite images and census data for Kuala Lumpur. In
comparing 1989 and 2014 on distances of 5, 8, 15, 20,
and 30 km, the city density was increased very high. In
1989 to 2001, on the distances of 8, 15, and 19 km, the
city density has been highly increased. From 2001 to
2014, on the distances of 4 and 30 km, density has
increased and on 50-km distance, the city density was
0 % in the last three decades. In Kuala Lumpur, urban
land expansion has largely been shaped by the terrain
such as mountains and lakes and social factors such as
population growth, migration, and economic develop-
ment. All open spaces such as gardens and vegetation
cover were destroyed and converted to built-up areas;
this study demonstrated that development occurred
mainly in available open spaces in the city and remaining
lands between the buildings. Conversion of vegetation
and orchards to built-up area, however, has been a more
recent phenomenon. The empirical investigation of urban
residential density patterns presented in this paper offers
new insights into the spatial implications of policy
changes. Analysis has the potential to aid urban planners
and policy practitioners in evaluations of urban consolida-
tion or compact city policies.
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